200 such colonies were picked from a galactose plate and, after purification through three singlecolony isolations, were tested for their ability to produce acid from all the sugars. Of these, 186 were positive on all the sugar plates. The remaining 14 isolates were unable to produce acid from any of the sugars, including galactose, and were therefore considered to have been false positives on primary identification. All transformed clones tested were found to be lysogenic for a phage with the same host range as the donor strain, presumably phage 53, and to produce, upon induction, transducing phage. The presumed permease-positive, transformed clones did not differ from the parent HS 635 in streptomycin sensitivity, novobiocin sensitivity, or the ability to produce free coagulase. I wish to thank S. Gaylen Bradley for helpful discussions and critical comments on the manuscript.
Received for publication June 27, 1962 The reduction of several aromatic aldehydes to the corresponding alcohols in microorganisms has been reported by Higuchi (Physiol. Plantarum 10:663, 1957) . However, there is only one report to date of the reduction of aromatic carboxylic acids to the corresponding aldehydes (Farmer, Henderson, and Russell, Biochim. et Biophys. Acta 35:202, 1959) . The present note is, to our knowledge, the second instance, where a biological reduction of the aromatic carboxylic group has been observed in a microorganism.
Aspergillus niger (Wisc. 72-4) was grown in a medium containing glucose and inorganic salts at pH 2.5. When uniformly thick mycelial mats had formed (after 4 days), benzoic acid, p-aminobenzoic acid, o-aminobenzoic acid, o-hydroxybenzoic acid, and p-hydroxybenzoic acid were carefully added aseptically under the mycelial mat to give a final concentration of 3 mg per ml. After 6 days of incubation, the culture fluid was filtered, neutralized to pH 7.0, and extracted with ether in a continuous extractor The yield of the different phenylhydrazones showed that at least 50% of the added benzoic acid, 35% of the added o-aminobenzoic acid, and 10% of the added p-aminobenzoic acid had been converted to the aldehydes. The mechanism of the reaction is not clear at present, but attempts are being made to study the enzymes concerned. However, it is interesting to note that no reduction of the acids took place if the mycelia were washed and incubated with the acids in the absence of glucose. It is to be noted that with o-and p-hydroxybenzoic acids no aldehyde could be detected, suggesting that these two compounds are perhaps metabolized by the breakdown of the benzene ring. The lower yields of aldehydes from o-and p-aminobenzoic acids, as compared with benzoic acid, may be due to the breakdown of the benzene nucleus or the polymerization of the aldehydes. In all cases, apparently, there is some loss due to absorption on the mycelium. Unmetabolized benzoic acid and o-and p-aminobenzoic acids could be demonstrated in the culture fluids, but the hydroxybenzoic acids disappeared completely. The culture fluids to which the aminobenzoic acids had been added were deep yellow in color. Spectroscopic examination confirmed that about 50% of the benzoic acid was reduced to benzaldehyde. In the case of the aminobenzoic acids, the spectrum of the culture medium was too complicated to be studied. One of the known metabolic pathways of benzoic acid in microorganisms is via nuclear hydroxylation followed by breakdown of the ring (Evans, Ann. Rept. Prog. Chem. for 1956 Chem. for , p. 279, 1957 , which is an energy-yielding process. On the other hand, the reduction of the aromatic carboxyl group to the aldehyde by A. niger is all the more remarkable, being a reaction consuming a large amount of energy. There seems to be no apparent relation between the reduction of the aromatic carboxylic group presented here and the microbiological interconversion of steroids, which concerns itself largely with the transformation of hydroxyl and keto groups.
NOTES
The ability of Hydrogenomonas facilis to grow either autotrophically or heterotrophically has been established (Schatz and Bovell, J. Bacteriol. 63:87, 1952; Atkinson, J. Bacteriol. 69:310, 1955) . Heterotrophic cells, grown on a variety of substrates, readily oxidize glucose in manometric experiments. However, the reported ability of cells grown under autotrophic conditions to oxidize glucose (Schatz and Bovell, J. Bacteriol. 63:87, 1952 ) has been disputed (Stout, Powelson, and Koffler, J. Bacteriol. 65:283, 1953; Marino and Clifton, J. Bacteriol. 69:188, 1955) . The studies reported here indicate that autotrophic cells do oxidize glucose, but at a rate much below that observed with heterotrophic cells.
The organisms were grown on a basal medium similar to that described by Schatz and Bovell, except for substitution of (NH4)2SO4 for NH4NO3. For autotrophic growth, the base medium was supplemented with NaHCO3 to a final concentration of 0.1°%. The cultures were incubated at 30 C in an atmosphere of 30% air, 10% C02, and 60% H2. Heterotrophic cells were grown in an air atmosphere on the same basal medium supplemented with 0.5% glucose.
Glucose oxidation by cells grown under either
